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3aMeHaHH5i o He6bimeBCKHx KoopflHHaTax 

K). Byparo, C. HBanoB, C. MajieB 



Ilofl noBepxHOCTbK) BCiOfly, ecjiH ne oroBopeno npoTHBHoe, mm HMeeM b 
BH^y ^iByMepHoe pHManoBO MHoroo6pa3He. Kax HSBecTHO, CHCTeMa KOop^HHaT 
Ha noBepxHOCTH M nasbiBaeTCfl ^e6bimeBCKOH, ecjiH nepBaa ocHOBHaa 4)opMa 
noBepxHOCTH HMeeT b sthx KOopflHHaTax bh/; 



Hhmmh cjiOBaMH, Bce KOop^iHHaTHbie jiHHHH napaMeTpH30BaHbi ^jiHHOH flyrn, 
a 6{u,v) — yroji MejKfly KOop^iHHaTHbiMH jihhhamh. 

fl>opMyjia XaiiHflaKHca (cm., nanpHMep, |BVK[ CTp. 413] noxasbiBaeT, hto 
Ha nojiHoii oflnocBflSHoii noBepxHOCTH, ^jia KOTopoii | JJ KdS\ > 27r, eflHHbie 
He6bimeBCKHe KOop^HnaTbi MoryT ne cymecTBOBaTb. 3flecb K — rayccoBa KpHBHsna, 
a S — njioma^b. 

Hac 6yfleT HHTepecoBaTb ycjiOBHH, npn KOTopbix Taxne KOop^HHaTbi saBe^OMO 
cymecTByroT. Hapa^y c pHManoBbiMH 2-MHoroo6pa3HflMH mm 6y^eM paccMaTpHBaTb 
6ojiee o6iri;Hii Kjiacc noeepxHocmeu Ajiencandpoea ("HasMBaeMbix TaKJKe ^ByMepHbie 
MHoroo6pa3Hfl orpanHHeHHoii kphbhshm"). 9tot Kjiacc BKjiiOHaeT b ce6a xax 

2-MHOrOo6pa3Hfl C pHManOBblMH HJIH nOJIHSflpajIbHMMH MeTpHKaMH, Tax H HX 

paBHOMepHbie npe^ejiM npn ycjiOBHH paBHOMepHoii orpaHH^eHHOCTH kphbhshm 
H coxpaHeHHH CTpyKTypbi MHoroo6pa3Hfl, no;ipo6Hee cm. |AZ| hjih 

n. Jl. He6bimeBbiM 6bijio ^OKaaaHO cymecTBOBaHne jioKajibHMx He6bimeBCKHx 
KOopflHHaT B TpaflHiiHOHHOM B TO BpcMfl npe^nojioJKeHHH anajiHTH^HOCTH. XlepBbiii 
HejiOKajibHbiii peayjibiaT npHHafljiejKHT H. BaKCJibMany |Bak| . KOTopbiii flOKasaji, 
HTO Ha noBepxHOCTH AjieKcaH^ipoBa mojkho nocxpoHXb e^HHyro T^e6bimeBCKyio 
ceTb BO BceM ceKTope MejK^y ^ByMfl opToronajibHMMH reo^esHHecKHMH, ecjiH 
TOJibKO nojioJKHTejibHafl H OTpHiiaTCJibHafl ^acTH HHTcrpajibHoii kphbhbhm SToro 
ccKTopa o6e Menbine ^. HeTpy^HO bh^ctb, hto ^jia cexTopa stot pesyjibTaT 
Heyjiy^maeM. 

Mnoro nosjKe cxo^hmh pe3yjibTaT, ho TOJibKO b cjiy^ae C°°-rjia;i,KHx pHManoBbix 
MHoroo6pa3HH, 6biji nojiy^en C. CaMejicoH h B. ^aflBaH3a |SD|: npn Tex see 
ycjiOBHflx Ha KpHBH3Hy OHH flOKasajiH cymecTBOBaHHe e^HHoii He6bimeBCKoii 
cexH na nojiHoii oflnocBHSHoii C°°-rjiaflKoii noBepxnocTH. Hx flOKaaaTCJibCTBO b 
ocHOBHoii CBoefi ^acra — anajiHTH^ecKoe. Kax hsbcctho, Bonpoc o jiOKajibHOM 
cymecTBOBaHHH He6bimeBCKHx KOop^innaT cbo^htca k pemeHHKi onpe^ejieHHOH 

* HccjieflOBaHHa nepBux flsyx aBTopoB lacTHiHO noflflepjKaHbi rpaHTOM POOH 05-01- 
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rHnep6ojiHHecKoii KBasHJiHHeiiHoii CHCTeMM ypaBHeHHii BToporo nopa^Ka; b jSDj 
3Ta CHCTeMa pemena mbto^iom pa6oTbi |LSh| . 

Mbi noKajKeM, hto h3 peayjibTaia PI. BaKejiBMana cjieflyei TaKaa TeopeMa. 

TeopeMa 1. Uycmb M — noAHoe odHocenauan noeepxHocmh Ajiencandpoea, 
ydoejiemeopjiminaji ycjioeuuM uj^{M) < 27r, uj^{M) < 2tt. Tozda ua M cyme- 
cmeyem eduHUM neSuuieecKasi cucmeMa KoopduHam. 

Ecjiu CHce uj^{M) < 27r — e, w^(Af) < 2tt — e, sde e > 0, mo cymecmeyem 
maKaM, He6umeecKaM, cemb, nmo ysAU MecHcdy KoopduHamuuMU auhukmu paenoMepHO 
omdejienu om u tt (nanpuMep, hucaom 

3flecb Lo^ H — nojioJKHTejibHaa h OTpHijaTejibHaa kphbhshm M, paccMaTpHBaeMbie 
KaK Mepbi; b cjiy^ae pHManoBoii mbtphkh 

C0+ (M) = K+dS, CO- [M] = //^, K-dS, 
r^e a+ = max{a, 0}, a — maxj— a, 0}. 

KaK 6biJio OTMeHeHO, ycjiOBHs TeopeMbi HBJiaiOTca Heyjiy^maeMbiMH. 

/^jifl flOKasaTejibCTBa 6bijio 6bi flocTaTO^HO pa36HTb M ^ByMH nepeceKaiomHMHCfl 
reo^esHHecKHMH na ^eTbipe cexTopa Tax, HTo6bi pjia KajK^oro h3 hhx BbinojiHHjiHCb 
ycjiOBHfl TeopeMbi H. BaKejibMana. OflnaKO Taxoe pasGneHne ne Bcer^a bo3mojkho 

H KOHCTpyKIIHK) npHXO^IHTCfl HeCKOJIbKO yCJIOJKHHTb. 

Ha caMOM ^ejie paccyjK^eHHii H. BaKejibMana ;i,OKa3biBaK)T necKOJibKO 6ojiee 
o6LLi,ee yTBepjK^eHHe, ^en 6biJio ynoMflnyTO Bbime. HMeHHO, paccMOTpHM na 
nojiHoii oflHOCBflSHoii HeorpaHH^enHoii noBepxHOCTH AjieKcanflpoBa cexTop Q, 
orpaHH^eHHoii kphbmmh 71, 72 c o6iri;HM Ha^^aJIOM p — 71(0) = 72(0) b BepniHHe 
ceKTopa. 06o3HaHHM ^^epes r noBopoT c BHyTpeHHeii CTopoHbi rpaHHiibi cexTopa 
Q, 3a BbiHeTOM ero BepniHHbi. HoBopoT paccMaTpHBaeTca KaK (jjyHKijHfl MHOJKecTBa 
(aapafl); nepes r"*", t~ o6o3HaHHM nojiojKHTejibHyio h OTpniiaTejibHyio HacTH 
sapfl^a T. (B cjiy^ae rjia^Koii KpHBoii 7 : (0, a) ^ M na pHManoBOM 2-MHoroo6pa3HH 
M T^{E) = J^k^ds, r^e kg — reofle3HHecKafl KpHBH3Ha co CTopoHbi Q, a 
HHTerpnpoBaHHe (no ^Jinne flyrn) BefleTca no MHOJKecTBy E C (0, a).) HaKoneu;, 

nOJIOJKHM UJ^{M) — UJ'^{M) + T='=(7l) + T^(72). 

TeopeMa 2. (H. BaKejibMan) Ecau Sam, cenmopa Q eunoAHenu ycAoeuM,: 

cj+(Q) < a, uj-{Q)<iT-a, 

zde a — yzoA cenmopa Q e ezo eepmune p, mo e Q cymecmeyem manasi 
ZAo6aAbHaM He6uuieecKaji cucmeMa Koopdunam, npu Komopou npueue 71, 72 
jieAJimmcji KoopduHamnuMU auhusimu. 

Upu 9moM cemeeue yzAU omdcAcnu om u tt MUHUMyMOM ecAuuuH a — 
uj^{Q) u TT — a ~ uj-{Q). 

5IcH0, ^TO fljifl fl0Ka3aTejibCTBa TeopeMbi^^jocTaTO^no pa36HTb M na ^eTbipe 
ceKTopa, y^OBJieTBoparoniHe ycjiOBHSM TeopeMbi[2| TaKoe pasGneHne ^jocTaTO^no 
ocymecTBHTb TOJibKO B cjiy^ae pHManoBoii hjih nojiHSflpajibnoii MeipHKH, TaK 
KaK nocjie SToro o6iri;HH cny^SM noJIy^^aeTC^^ CTanflapTHbiM npe^ejibnbiM nepexo^OM. 
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npo6jieMa cymecTBOBaHHfl ^e6bimeBCKHx KOop^HHaT TecHO CBflsana c BonpocoM 
06 ycjiOBHflx, npH KOTopbix meyKflj ^ByMfl noBepxHOCTAMH cymecTByiOT 6HJiHnmHLi,eBbi 
OTo6pa>KeHHa c KOHTpojinpyeMMMH KOHCTaHTaMH JlnnniHiia, cm. [BBIKB]. rpy6o 
roBopa, nocTOflHHafl JlnnniHija oiieHHBaeTCfl Hepes ceTeBbie yrjibi, t. e. ^^epe3 
minjinf 0, inf(7r — 9)}- 

XoTfl npn uj~{M) > 27r noBepxHOCTb M MOJKeT ne ^onycKaTb T^e6bimeBCKHx 
KOop^HHaT, Ha Heii Bce >Ke mo>kho bbbcth "He6bimeBCKHe KOop^HHaTbi" c BeiBJienneM 
B KOHeHHOM ^HCJie TOHeK, H TaKHe o6o6iri;eHHbie Koop^HHaTbi o6ecneHHBaiOT 
SHJiHnmHiieBoe OTo6pajKeHHe na njiocKOCTb c KOHTpojinpyeMoii, nocToaHHoii 
JlnnniHiia. HanpHMep, fljifl noBepxHOCTeii, roMeoMop4)Hbix njiocKOCTH, M. Bohkom 
H y. .JlanroM b [BL| noKasaHO. ^to nnn vcjiobhh uj'^(M) < 27r— e < 2tt, uj~{M) < 

C < 00 nOBepXHOCTb M 6HJIHnmHLl,eBO SKBHBajieHTHa njIOCKOCTH C KOHCTaHTOii 

JlnnniHiia e~2(27r + C)^. Hs cymecTBOBaHHfl "^e6bimeBCKHx KOop^iHHaTbi c 
BeTBjieHHHMH" HeMefljiGHHO cjie^yeT ocjia6jieHHaa (t. e. c xy^meii nocToaHHoii) 
Teopena BoHKa-Jlanra. 

^OKasaTejibCTBO cymecTBOBaHHa ^e6bimeBCKHx KOop^HHaT c BeTBJieHHflMH 
HecymecTBeHHO OTJiH^aeTca nocTpoenHii H. BaKejibMana; ne onncbiBafl ero KOHCTpyKiiHio 
B flSTajiax, ynoMflHeM tojibko, hto cbtb CTpoHTca cnaHajia na noBepxHOCTH c 
nojiHSflpajibHoii MeTpHKoii; o6iri;HH cjiy^aii nojiy^aeTca npe^ejibKbiM nepexoflOM. 
B ycjiOBHflx TeopeMbi[2l ceKTop c nojiHSflpajibHoii MeTpHKoii mojkho pasGnTb na 
njiocKHe napajiJiejiorpaMMbi, npHjieraromne no ijejibiM CToponaM h o6pa3yioiri;He 
pemeTKy h3 CTpoK h ctoji6li,ob. ^ji-h nocTpoenHfl KOop;i,HHaT KajK^jbiii napajiJiejiorpaMM 
saMeHfleTCfl npflMoyrojibHbiM napajiJiejiorpaMMOM na co CToponaMH Toii jKe 
fljiHHbi, Tax ^To HOBbie napajiJiejiorpaMMbi saMomaiOT ceKTop b eBRjiH^OBoii 
njiocKOCTH. B cjiyHae cjihiiikom 6ojibmoii OTpniiaTejibHOH kphbhshm pa36HTb 
ceKTop Ha napajiJiejiorpaMMbi, oGpasyiomne penieTxy, mojkgt OKasaTbca neBOSMOJKHO. 
OflnaKO MOJKHO nsMenHTb KOHCTpyKLi,HK), flonycTHB npHMbiKaHHe 6ojiee, hbm 
HeTbipex napajiJiejiorpaMMOB k neKOTopbiM BepniHHaM b ceKTope (laKHx BepmiiH 
6yfleT KOHe^Hoe hhcjio) h OTo6pa}Kafl ^acTb napajiJiejiorpaMMOB na yjKe ne 
o6fl3aTejibHO npHMoyrojibHbie napajiJiejiorpaMMbi eBKjiHflOBoii njiocKOCTH. 

IlycTb M — nojiHoe o^HOCBHanoe pHManoBO 2-MHoroo6pa3He. HasoBeM KpecmoM 
4)Hrypy na M, o6pa30BaHHyio TpeMs TaKHMii npocTbiMii naTypajibHO napaMeTpHaoBannbiMH 
reo^esHHecKHMH ji, hto 

(i) 71 : (—00, 00) — > M, 7i : (0, 00) M npn i — 2,3; 

(ii) 71 pa36HBaeT M na ^Be o6jiacTH (nojiynjiocKOCTn) ; 

(iii) 72 H 73 na^nnaiOTCfl na 71 n npoxo^iiT b pasnbix nojiynjiocKOCTHx 
OTHOCHTejibHO 7i , pa36HBafl KajK^iyio nojiynjiocKOCTb na ^Ba cexTopa. 

TeM caMbiM 3TH reo^e3HHecKHe pa36HBaK)T M na HeTbipe cexTopa Qi . 06o3HaHHM 
Hepes Ui yroji ceKTopa Qi b ero BepniHHe Oi. 

AHajiorHHHyio 4)Hrypy, no o6pa30BaHHyio KBasnreoflesniiecKHMH na noBepxHOCTH 
AjieKcaHflpoBa, 6yfleM nasbiBaTb o6o6tJneHHUM npecmoM. 

TeopeMa 3. ITycmb M - nojiHoe deyMepnoe puManoeo MHOzoo6pa3ue, soMeoMop^Hoe 
riAOCKOcmu u ydoeAemeopsimvuee ycjioeusiM 

UJ+ <2tt- 4e, uj~ <2t:- 4e (1) 



4 



Om ueKomopozo e > 0. Toeda na M cyvnecmeyem muKou Kpecm, nmo npu ecex 
i = 1,2,3,4 uj^iQi) < cti — e, uj~{Qi) < n — at — e u npu amoM Sjim, aio6ux 
deyx moneK Ji{t'), i — 1,2,3, eunojiHJiemcji 

\t - t'lsine < dMil^{t),-/^{t')). (2) 

AnnpoKCHMHpyfl noBepxHOCTb AjieKcaHflposa pHManoBbiMH MHoroo6pa3HflMH, 
Mbi HeMe^jieHHO nojiyHaeM Taxoe cjie^jCTBHe. 

Cjie^cTBHe 1. Ilycmb noAHUM soMeoMopcfjuaM UAOCKOcmu noeepxHocmb AjieKcandpoea 
M ydoeAemeopsiem ycjioeum ^ . Tozda na M cymecmeyem o6o6ineHHUu Kpecm, 
o6jiadamijnuu meMU CHce ceoucmeaMU, nmo Kpecm e meopeMe\^ ho c aaMCHOu 
na u!^ , coomeemcmeeHHO. 

B CBOK) o^epeflb, h3 3Toro cjie^CTBHa h TeopeMbi |2l HeMe^jieHHO BbiTexaeT 
TeopeMani 

SaMenaHue. TeopeManjHe yTBepjK^aeT, ^to b cjiy^ae ^ocTaTOHHO rjiaflKoii 
pHMaHOBOH MeTpHKH nocTpoeHHbie He6bimeBCKHe KOopflHHaTbi TaKJKe 6y^yT 
rjia^KHMH. HcnojibsOBaHHe anajiHTHHecKoro MeTO^a CaMejicoH h ^aflBansa |2D] 
BMecTO KOHCTpyKiiHH BaxejibMaHa nosBOJiaeT rapaHTHpoBaTb rjiaflKOCTb KOop^HHaTHoii 
ceTH B KajKflOM ceKTope, ho na rpanniie cexTopoB KOop^HnaTHbie jihhhh MoryT 
HMeTb H3JiOMbi. Bonpoc o cymecTBOBaHHH BCiOfly rjiaflKoii ^eGbimeBCKoii ceTH 

OCTaeTCfl nOKa OTKpblTblM. 

^OKasaTejibCTBO TeopeMbi cjie^yeT TOMy >Ke njiany, ^^to ^OKasaTejibCTBO 
npefljiojKeHHfl 6.1 pa6oTbi pBLl. 

/(oKuaamejibcmeo meopeMu\^ 

Iliaz 1. CorjiacHO TOJibKO ^to ynoMflnyTOMy npe^jiojKeHHK) h3 pa6oTbi BoHxa- 
Jlanra, cymecTByeT reo^jesH^ecKaH 71, y^OBJieTBopaiomaa nepaBencTBy ^ h 
pa36HBaK)iri,aa M na ^Be nojiynjiocKOCTH M^, fc = 1, 2, Hecymne paBHbie nopiiHH 
nojioJKHTejibHoii h OTpHLi;aTejibHOH kphbhsh. TaKHM o6pa30M, ^jia KajK^oii nojiynjiocKOCTH 
HMeeM 

cj+(A4) < TT - 2e, uj^{Mk) <TT -2e. (3) 

PaccMOTpHM pjiR onpe^iejieHHOCTH Mi . Ham najip HaiiTH b Mi reo;i,e3H^ecKyio c 
HaHajiOM Ha 71 , pa36HBaiOLLi,Hii Mi na ;iBa cexTopa b cooTBeTCTBHH c yTBepjK^eHneM 
TeopeMbi. Cpasy OTMeTHM, ^to HepaBencTBO ^ cjie/iyeT nenocpeflCTBeHHO h3 
nepBoro nepaBencTBa (EJ h H3BecTHoro HepaBencTBa MejK^y flyroii h xop^oii, 
CM. |AZ| . naparpa^) 2 rjiaBbi IX. 

KaK H B |BL| . MOJKHO CHHTaTb, HTO Hama MBTpHKa njiocKaa BHe neKOToporo 
KOMnaKTa D C int Mi , npn^eM stot KOMnaxT roMeoMopcjaen 3aMKHyTOMy ^HCKy, 
orpaHH^en rjiaflKoii KpHBoii, TOTajibHO BbinyKjibiii h ne nepeceKaeTca c 71 . KpoMe 
Toro, MOJKHO npe^nojiaraTb, ^to nojiynjiocKOCTb Mi TaxjKe TOTajibHO Bbinyxjia; 
fljifl SToro flOCTaTOHHO, nanpHMep, 0Tpe3aTb M2 ot Mi h no^KjienTb k Mi 

BBKJIH^IOBy nOJiynjIOCKOCTb BMeCTO M2. 

Illas 2. 06o3HaHHM ^epes SD paccjioeHHe e^HHHHHbix OKpyjKHOCTeii na^ 
D. (B HaniHx ycjiOBHax 3to — npocTO npaMoe npoH3Be;i,eHHe D na OKpyjKHOCTb 
S^.) 3aflaflHM cjie^yiomee OToGpajKenne a h3 SD b MHoacecTBO (MaKCHMajibHO 
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npOri^O.^JKCIIIIblx) rCO;];C3HHCCKHX nOBCpXIIOCTH Afl. ECJIH V = {p,0) G SD, TO 

cr{v) - reo^iesHHecKafl, npoxoflflmaa nepea TOHKy p opToronajibHO k v, npn^eM 
opneHTHpoBaHHafl Tax, hto seKTop CKopocTH reoflesHHecKoii a{v) b TOHKe p h 
eeKTop V onpeflejifliOT nojioJKHTejibHyio opneHTaiiHio Mi. 

B CHjiy TeopeMbi Faycca-BoHHe h HaniHx ycjiOBHii, reo^esHHecKafl ^{v) ne 
HMeeT caMonepeceHeHHH h pa36HBaeT Mi na ^Be o6jiacTH, h3 KOTopbix o^na 

MOJKOT 6bITb OrpailHHCIIIIOH. 06o3Iia.HHM HCpC3 U (v) TV H3 o6.TacTeH, B KOTopyio 

HanpaBjieH BexTop v. Tfenepb BBe^eM na SD yrjiOByio (|)yHKLi;Hio a{v) cjieflyiomHM 
oSpasoM: ecjiH U{v) — nojioca, to a{v) = 0; ecjiH U{v) — nojiynjiocKOCTb, 
orpaHH^eHHaa TOJibKO reo/;e3HHecKOH (y{v), to a{v) = tt; ecjin U{v) — cexTop, 
TO a{v) — yroji SToro ccKTopa; ccjih U (v) — ^iByvrojibriaa o6jiacTb h o6a yrjia 

3T0H oojiacTH ai H a2 — ocTpbie, to a(v) = ; ecjiH >Ke o^hh hb yrjiOB 

ai+a2 

/ ^ - /X 77^/4 +a| TT 

(HanpHMep, ai) flByyrojibHHKa ne ocTpbm, to nojiaraeM a[v) = — 7- 1" Q'l ~ TTi 

7r/2 + a2 2 

HaKOHeii, ecjiH U (v) — flonojineHne Mi ^o flByyrojibiiHKa, to a{v) = tt — a{—v). 
TaKHM o6pa30M, mm onpeflejiHJiH yrjiOByio (J)yHKLi,Hio a na bcbm SD. Cpa3y 
3aMeTHM, HTO B CHJiy TeopeMbi Faycca-BoHHe ne octpmm MOxeT 6biTb ne 6ojiee, 
HBM o^Hii yro.T ^iByyro.TbiiHKa. 

HsTpyflHO npoBepHTb, hto (JjyHKiiHfl a nenpepbiBHa h o6jiaflaeT cbohctbom 

a{v) + a{—v) = n. 

HopMHpyeM Mepbi a;"*" h u)~ , BBe^a ^Be HOBbie Mepbi: 

^ ' ^ co^{D) 
PaccMOTpHM OTo6pa»;ciiHC (j> : SD — > R^, KOTopoe Kax^OMy BeKTopy v € 

SD CTaBHT B COOTEGTCTBHe TOHKy 

{W+{U{v)) -a + e, W-{U{v)) - (tt - a) + e). 

SaMBTHM, HTO 4'{~'^) — B HaCTHOCTH, eCJIH 4>{v) = (0,0), TO TaKxe 

<^(-^;) = (0,0). 

^jia flOKasaTBJibCTBa TeopeMbi ^ocTaTOHHO HaflTH TaKofl bbrtop vq, hto 
0(^;o) = (O,O). 

3a(i)HKCHpyeM jTTo6yTO Tonxy O rpanHijbi ffacKa D. Bbi6epeM b npocTpancTBe 
SD ffBe neTJiH, 71 h 72, c BepinHHoii O. 

IleTJiH 71 npeflCTaBJiaeT co6ofl Bpameniie BeKTopa v BOKpyr tohkh O, HaHHHaa 
c BeKTopa, nepneHflHKyjiHpHoro k rpanime S flHCKa D h nanpaBjieHHoro BHyTpb 
SToro flHCKa. 

IleTjiH 72 nojiyneHa oSxo^om S (naHiiHafl c tohkh O) npH ycjiOBHH, hto b 
KajKfloii TOHKe 6epeTCfl BeKTop v, nepneHflHKyjiapHbiii k S n HanpaBJienHbiii 

BHyTpb D. 

3th neTJiH OHeBHflHO roMOTonnbi. ^eiicTBHTejibHO, ^ocTaTOHHO paccMOTpeTb 
TaKofl flH(J)(J)eoMop(i)H3M g flncica D na eBKjiHflOB eflHHHHHbift Kpyr D, hto dg 
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KOH(J)opMiio iia rpaiiHri;c D, h, CHHiaa O' = g{0) iiy^ib-BCKTopoM, B3aTi. dg- 
npoo6pa3bi ceMeiicTBa OKpyjKHOCTeii tdD, < i < 1, BMecTe c nojiHMH hx 
HopMajiefl, HanpaBjieHHbix BnyTpb. 

OTo6pa»;eiiHe (j) nepeBO^HT neijin 71 , 72 b neTjiH npocTpancTBa Im <j); SHanHT, 
nocjieflHHe roMOTonnbi Mex^y co6oii b Im (p. 

TaK KaK o6pa3 neTJiH 72 jibxht na npaMoii x + 1/ = tt — 2e, to oh CTHPHBaeM 
B Im (j). 

B TO }Ke BpeMfl, no Bbi6opy yrjiOBoii (jjyHKiiHH a, neTjia 71 o6jiaflaeT cbohctbom 
4>{v) -\- (j){—v) = (0,0). OTCiofla cjieflyeT, hto HHfleKC tohkh (0,0) OTHOCHTejibHO 
neTjTH 7i lie paBeii iiy.TTK) h tgm caMbiM oiia iie CTarHBaeMa b \ (0,0), a 
TeM 6ojiee b Im 0. /],eiicTBHTejibHO, yroji, na KOTopbiii noBopanHBaeTca BexTop 
c HanajiOM (0,0) npn npoxoxflenHH neTJiH 71, ecTb cyMMa ^Byx paBHbix APyr 
flpyry yrjiOB BH^ia {2k + l)7r. 

TaKHM o6pa30M, ecjiH Hyjib-BexTop ojiockocth ne jiejKHT b Im0 (xax mm 
npeflnojioxHjin) , to neTjia 71 ne CTsrHBaeMa, a BTopaa CTsrHBaeMa. 3to npoTHBopenHT 
TOMy, HTO ncTjm roMOTOniibi. 

HTaK, Haii^eTCfl BexTop v e^jHHH^Horo paccjioeHHa, fljia KOToporo 4>{v) = 
(0,0). Hhmmh cjiOBaMH, Mbi HMeeM W~^{U{v)) = a — e, W~{U{v) = n — 
a — e. /loKajKeM, hto b stom cnynae U{v) — nenpeMeHHO cexTop. Bo-nepBbix, 
OHeBHflHO, HTO e < a < TT — e, H, snanHT, U{v) — ne nojioca h ne nojiynjiocKOCTb. 
Tenepb npeflnojioxHM, hto U{v) — flByyrojibHHK c yrjiaMH ai h 0:2. Mo>kho 
CHHTaTb, hto Q!i > a2. IIojiojKHM a{v) = ao- H3 onpeflejieHHfl yrjiOBoii (|)yHKLi;HH 
a flCHO, HTO ao < cki- Ho Teopene Faycca-BoHHe ai + a2 = oj~^{U{v)) — 
u)~{U{v)). TaKHM o6pa30M 0:1+0:2 < u}~^{U{v)) < oo — e < oi — e < oi + 
02, HTO iieBOSMOJKiio. EcjiH JKe mm npe/i;nojTO»;HM, hto U{v) — flonojineHHe k 
flByyrojibHHKy, to Tor^a, KaK 6bijio OTMeneno Bbime, 4'{—v) = —4>{v) = (0,0), 

HTO, KaK TOJIbKO HTO flOKa3aHO, HeB03M0>KH0 flJIfl flByyrOJIbHHKa U{—V), HTO,, 
HeB03M0»;iI0. 

SnaHHT, MM nojiyHHJiH pa36HeHHe nojiynjiocKOCTH na ;iBa ceKTopa c yrjiaMH, 
yflOBjieTBopfliomHMH HaniHM ycjiOBHSM. TeopeMa flOKasana. 
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